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POWER MANAGEMENT DEVICE FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application of Inter-
national Application No. PCT/JP2015/051228, filed Jan. 19,
2015, and claims the priority of Japanese Application No.

2014-039727, filed Feb. 28, 2014, the content of both of
which 1s incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a power management
device for vehicles.

BACKGROUND ART

Patent Document 1 discloses a vehicle-mounted power
storage device that selectively supplies and receives electric
power with respect to an external power source device.
When the external power source device 1s connected to a
vehicle through a charging cable and the power source
voltage of an auxiliary-device battery 1s equal to or smaller
than a predetermined value, the vehicle-mounted power
storage device prohibits electric power supply from the
auxiliary-device battery to devices other than devices
involved in updating of charging control programs.

According to a recent proposal, with a charging cable
maintained in a state connected to a vehicle, charging may
be held 1n a standby state until a later time zone 1n which the
clectric power 1s less expensive. However, the device dis-
closed 1 Patent Document 1 does not particularly set a
restriction for when the power source voltage of the auxil-
1ary-device battery 1s greater than the predetermined volt-
age. Therelore, by the time charging 1s performed with the
charging cable maintained in the state connected to the
vehicle, the electric power of the auxiliary-device battery 1s
unnecessarily consumed by vehicle-mounted devices.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Laid-open Patent Publica-
tion No. 2013-151222

SUMMARY OF THE INVENTION

Problems that the Invention 1s to Solve

Accordingly, 1t 1s an objective of the present invention to
provide a power management device for vehicles capable of
decreasing the amount of energy consumed by a vehicle by
the time a vehicle-mounted power storage device selectively
supplies and receives electric power with respect to an
external power source device.

Means for Solving the Problem

To solve the above-described problem, according to a first
aspect of the present mvention, provided 1s a power man-
agement device for vehicles employed in a vehicle including
a vehicle-mounted power storage device that selectively
supplies and receives electric power with respect to an
external power source device. The power management
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2

device for vehicles includes a communication control sec-
tion that performs interactive communication to selectively
supply and receive the electric power with respect to the
external power source device and a supplying/receiving
control section that controls supplying/receiving of the elec-
tric power by the vehicle-mounted power storage device.
The supplying/receiving control section 1s switchable
between a great power state and a decreased state 1n which
the power consumption amount 1s smaller than in the great
power state. IT the condition that the supplying/receiving
control section 1s 1n the great power state 1s satisfied, control
of the supplying/receiving of the electric power 1s allowed.
If the supplying/receiving control section 1s 1in the decreased
state before the vehicle-mounted power storage device and
the external power source device selectively supply and
receive the electric power with respect to each other, the
communication control section performs the interactive
communication.

When the interactive communication 1s performed, the
control of the supplying/receiving of the electric power by
the supplying/recerving control section does not necessarily
have to be carried out. Therefore, 11 the supplying/receiving
control section 1s 1n the great power state when the interac-
tive communication 1s performed, the power consumption
amount of the vehicle 1s increased unnecessarily. However,
in the above-described configuration, the interactive com-
munication 1s performed when the supplying/recerving con-
trol section 1s in the decreased state. This decreases the
amount of the energy consumed by the vehicle by the time
the electric power 1s selectively supplied and recerved.

In the above-described power management device for
vehicles, 1t 1s preferable that the communication control
section be switchable between a great power state and a
decreased state 1n which the power consumption amount 1s
smaller than 1n the great power state, that the interactive
communication be allowed by switching the communication
control section to the great power state, and that, when the
communication control section 1s 1n the decreased state and
the supplying/recerving control section 1s 1n the decreased
state, the communication control section be switched to the
great power state to perform the interactive communication
iI a condition for starting the interactive communication 1s
satisfied.

In the above-described device, the communication control
section 1s selectively switched to the great power state to
perform the interactive communication when the commu-
nication control section and the supplying/receiving control
section are both in the decreased state. This decreases the
power consumption amount of the supplying/receiving con-
trol section at the time of the interactive communication.

In the above-described power management device for
vehicles, 1t 1s preferable that a schedule generating section
for generating a schedule for selectively supplying and
receiving the electric power based on imnformation obtained
through the interactive communication be provided, that the
communication control section be switched to the decreased
state 1f the condition that a standby time until the supplying/
receiving ol the electric power 1s started according to the
schedule generated by the schedule generating section 1s not
less than a predetermined time 1s satisfied, and that the
supplying/receiving control section be switched to the
decreased state 11 the condition that the standby time until
the supplying/receiving of the electric power 1s started,
according to the schedule generated by the schedule gener-
ating section 1s not less than a predetermined time 1is
satisfied.
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In the above-described power management device for
vehicles, 1t 1s preferable that the communication control
section be capable of communicating with the supplying/
receiving control section, that the communication control
section include a vehicle external communication circuit for
performing the interactive communication, a vehicle internal
communication circuit for communicating with the supply-
ing/receiving control section, and an operating section for
operating the vehicle external communication circuit and the
vehicle internal communication circuit, that the vehicle
external communication circuit and the vehicle internal
communication circuit be both switchable between a great
power state and a decreased, state in which the power
consumption amount 1s smaller than 1n the great power state,
that the decreased state of the communication control sec-
tion be a state 1n which the vehicle external communication
circuit and the vehicle internal communication circuit are
both in the decreased state, that the great power state of the
communication control section be a state 1n which at least
the vehicle external communication circuit 1s 1n the great
power state, and that, 11 the vehicle external communication
circuit and the vehicle internal communication circuit are
both 1n the decreased state and the condition for starting the
interactive communication 1s satisfied, the operating section
selectively switch the vehicle external communication cir-
cuit to the great power state to perform the interactive
communication.

In the above-described device, when the communication
control section 1s switched from the decreased state to the
great power state to perform the interactive communication,
the vehicle internal communication circuit 1s maintained in
the decreased state. This reduces the power consumption
amount of the vehicle.

In the above-described power management device for
vehicles, 1t 1s preferable that a schedule generating section
for generating a schedule for selectively supplying and
receiving electric power based on information obtained by
the communication control section through the interactive
communication be provided and that, i1f the information
obtained through communication with the external power
source device indicates that electric power information at the
side of the external power source device has been changed,
the communication control section change the schedule by
means ol the schedule generating section.

In the above-described, device, the schedule 1s updated to
an appropriate schedule based on the information obtained
through the 1nteractive communication.

In the above-described power management device for
vehicles, 1t 1s preferable that the supplying/receiving control
section and the schedule generating section have a common
hardware such that the supplying/receiving control section
configures the schedule generating section, that generation
of the schedule by the schedule generating section be
allowed by switching the supplying/receiving control sec-
tion to the great power state, and that, if the information
obtained through the communication with the external
power source device indicates that the electric power infor-
mation at the side of the external power source device has
been changed, the communication control section command
the supplying/receiving control section to switch to the great
power state.

In the above-described device, when the schedule needs
to be changed, the supplying/receiving control section 1s
switched to the great power state. This allows the schedule
generating section, which the supplying/receiving control
section includes, to change the schedule.
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In the above-described power management device for
vehicles, 1t 1s preferable that the communication control
section be capable of communicating with both the supply-
ing/receiving control section and a predetermined control
section that 1s a control section other than the supplying/
receiving control section and mounted in the vehicle, that the
predetermined control section be switchable between a great
power state and a decreased state 1n which the power
consumption amount 1s smaller than 1n the great power state,
that the supplying/recetrving control section monitor in the
decreased state whether a command for switch to the great
power state 1s output from the communication control sec-
tion, and that, i the information obtained through the
communication with the external power source device indi-
cates that the electric power information at the side of the
external power source device has been changed, the com-
munication control section selectively command, through
the communication, the supplying/receiving control section
to switch to the great power state.

In the above-described device, 1f the information obtained
through the communication with the external power-source
device indicates that the electric power information at the
side of the external power source device has been changed,
the supplying/receiving control section 1s selectively com-
manded to switch to the great power state through the
communication. This ensures avoidance of increase of the
power consumption amount of the vehicle caused by unnec-
essary switch of the predetermined control section to the
great power state.

In the above-described power management device for
vehicles, 1t 1s preferable that the communication control
section be capable of communicating with both the supply-
ing/receiving control section and a predetermined control
section that 1s a control section other than the supplying/
receiving control section and mounted 1n the vehicle, that the
predetermined control section be switchable between a great
power state and a decreased state 1n which the power
consumption amount is smaller than 1n the great power state
and be allowed to transmit information to the communica-
tion control section by being switched to the great power
state, and that, 1f the information obtained through the
communication with the external power source device indi-
cates that the electric power information at the side of the
external power source device has been changed, the com-
munication control section command, through the commu-
nication, the supplying/receiving control section and the
predetermined control section to switch to the great power
state, obtain the information possessed by the predetermined
control section through activation of the predetermined
control section, and inform a user of the obtained informa-

tion through an informing section.

In the above-described device, 11 the information obtained
through the communication with the external power source
device indicates that the electric power information at the
side of the external power source device has been changed,
not only the supplying/receiving control section but also the
predetermined control, section i1s switched to the great
power state. In this manner, switch of the predetermined
control section to the great power state allows the commu-
nication control section to cause the predetermined control
section to execute a procedure of transmitting information.
This allows the informing section to mnform the user of the
information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram representing the configuration
of a system, as a whole, according to a first embodiment of
the present invention.
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FIG. 2 1s a flowchart representing procedure steps of a
charging control ECU.

FIG. 3 1s another flowchart representing procedure steps
of a charging communication ECU.

FIG. 4 1s a flowchart representing procedure steps of a
charging control ECU of a comparative example.

FIG. § 1s a flowchart representing procedure steps of a
charging communication ECU according to a second
embodiment of the invention.

MODES FOR CARRYING OUT TH.
INVENTION

(Ll

First Embodiment

A first embodiment of a power management device for
vehicles according to the present mvention will now be
described with reference to FIGS. 1 to 4.

As shown 1n FIG. 1, a vehicle 1 1s an electric vehicle and
includes a motor-generator 10 serving as a motor for gen-
erating drive force of the vehicle 1. The motor-generator 10
has a rotary shait 10aq, which 1s mechanically joined to the
drive wheels. The motor-generator 10 1s connected to an
inverter 12, which 1s a DC-AC mverting circuit. A smooth-
ing capacitor 13 1s connected to a pair of iput terminals of
the inverter 12. The two input terminals of the inverter 12 are
connected to a high-voltage battery 16, which 1s a secondary
cell, through system main relays (SMRs) 14. The high-
voltage battery 16 1s an assembled battery, which 1s a serial
connection body of battery cells. The high-voltage battery
16 1s connected to a battery monitor device 18, which 1s
configured by an 1ntegrated circuit for monitoring the states
of the battery cells. The battery monitor device 18 includes
a monitor unit 185, which monitors, separately for respec-
tive blocks each configured by adjacent ones of the battery
cells of the assembled battery, the states of the battery cells
of each of the blocks. The monitor unit 185 1s connected to
the positive terminal and the negative terminal of each of the
battery cells in each block. The monitor unit 185 1s con-
nected to the positive terminal and the negative terminal of
cach block through power source switches 18a. The block
corresponding to the monitor target serves as the power
source for the monitor unit 185. The power source 1s turned
on and off through the power source switches 18a. By
operating the power source switches 18a to close, the power
source of the monitor unit 185 1s turned on.

The mverter 12 controls the motor-generator 10. The
mverter 12 1s operated by an electronic control unit
(MGECU) 20. The MGECU 20 operates the inverter 12 1n
correspondence with a torque command value Trg* provided
by a power control computer 22 such that the torque of the
motor-generator 10 becomes equal to the torque command
value Trq*.

The power control computer 22 1s an electronic control
unit, which controls various types of devices mounted 1n the
vehicle each as a control target. The power control computer
22 selectively opens and closes the SMRs 14 by outputting
an operation signal MS to each of the SMRs 14. The power
control computer 22 also selectively opens and closes the
power source switches 18a by outputting an operation signal
MS to each of the power source switches 18a. When the
power source of the monitor unit 185 1s turned on, the power
control computer 22 receives a momtoring result signal DS
output by the monitor umt 185 and thus obtains monitoring
results of the battery cells.

The high-voltage battery 16 1s connected to a DC-DC
converter 24 through the SMRs 14. The DC-DC converter
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24 1s a power converting circuit. The DC-DC converter 24
decreases the terminal voltage of the high-voltage battery 16
and supplies the terminal voltage to the auxiliary-device
battery 26, thus charging the auxihiary-device battery 26
with the electric charge stored by the high-voltage battery
16. The full power storage amount of the auxiliary-device
battery 26 1s smaller than the tull power storage amount of
the high-voltage battery 16. The auxiliary-device battery 26
1s a power source for vehicle-mounted electronic devices
including the power control computer 22. The DC-DC
converter 24 1s driven 1n response to a command from the
power control computer 22.

The high-voltage battery 16 1s connected to a charger 30
through the SMRs 14. The charger 30 1s a power converting
circuit that charges the high-voltage battery 16 from an
external power source device 60 through terminals T1, T2 of
the vehicle.

A charging control ECU 32 1s an electronic control unit
for operating the charger 30. The charging control ECU 32
performs control to charge the high-voltage battery 16 from,
the external power source device 60 based on a user request,
which 1s input through an mput section 33. When a charging
oun 1s connected to the terminals T1, T2, the charging
control ECU 32 monitors whether the charging gun 1is
connected to charging lines L1, L2. If the charging gun 1s
connected to the charging lines L1, L2, as shown 1n the
lower left part of FIG. 1, a sleep mode with a small power
consumption amount 1s switched to a wake-up mode with a
great power consumption amount. Such switching 1s per-
formed for the fact that the power consumption amount
needed to operate the charger 30 1s greater than the power
consumption amount needed to monitor connection to the
charging lines L1, L2.

A procedure for charging from the external power source
device 60 1s performed by connecting the charging lines L1,
[.2 to the terminals T1, T2 and connecting communication
lines L3, L4 to terminals T3, T4. A control pilot signal (a
CPLT signal) 1s transmitted, from the external power source
device 60 to the vehicle 1 through the communication lines
.3, 4. Interactive communication between the vehicle 1
and the external power source device 60, which 1s in-band
communication, 1s performed by superimposing a high-
frequency signal, which has a frequency higher than the
CPLT signal, on the CPLT signal using the communication
lines 1.3, 4.

The n-band communication 1s executed by a charging
communication ECU 40. The charging commumication ECU
40 includes a voltage monitor circuit 42, an in-band com-
munication circuit 44, a microcomputer 46, and a CAN
transceiver 48. The voltage monitor circuit 42 detects the
potential difference of the communication line L3 with
respect to the communication line L4 for indicating the
reference potential, which 1s the voltage of the communi-
cation line L.3. The 1in-band communication circuit 44 super-
imposes the high-frequency signal on the CPLT signal,
which 1s transmitted through the communication line L3, to
perform the in-band communication. The microcomputer 46
operates the 1in-band communication circuit 44 1n response
to 1input of a voltage detected by the voltage monitor circuit
42. The CAN transcerver 48 performs CAN (Controller Area
Network) communication with the charging control ECU 32
and the like through a CAN communication line Lcan.

The in-band communication circuit 44, the microcom-
puter 46, and the CAN transceiver 48 are each switchable
between the sleep mode having the small power consump-
tion amount and the wake-up mode having the great power
consumption amount. When the in-band communication
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circuit 44 1s 1n the wake-up mode, the 1n-band communica-
tion 1s allowed. When the in-band communication circuit 44
1s 1n the sleep mode, the mn-band communication circuit 44
monitors whether a command to switch to the wake-up
mode 1s provided by the microcomputer 46. When the CAN
transceiver 48 1s 1in the wake-up mode, CAN communication
1s allowed. When the CAN transceiver 48 1s 1n the sleep
mode, the CAN transceiver 48 monitors whether a command
to switch to the wake-up mode 1s provided by the micro-
computer 46. When the microcomputer 46 1s in the sleep
mode, the microcomputer 46 performs a procedure for
determining whether a condition for switching the micro-
computer 46 to the wake-up mode becomes satisfied.

The charging communication ECU 40 1s connected to the
auxiliary-device battery 26 through a power source relay 34
and connected to the auxihary-device battery 26 by bypass-
ing the power source relay 34.

When preparation for charging 1s completed based on a
communication result transmitted from the charging com-
munication ECU 40, the charging control ECU 32 decreases
the voltage of the communication line L3 at the time the
CPLT signal 1s a logic H. The charging control ECU 32
selectively opens and closes the power source relay 34,
which connects the auxiliary-device battery 26 to the charg-
ing communication ECU 40. The charging control ECU 32
1s connected to the auxiliary-device battery 26 without the
power source relay 34.

The vehicle 1 includes a communication device 47, which
1s capable of performing wireless communication with an
external device using a telephone line or the like. The
communication device 47 1s an electronic device capable of
communicating with the charging control ECU 32 and the
like through the CAN communication line Lcan.

The communication device 47, the charging control ECU
32, the charging communication ECU 40, the power control
computer 22, and another vehicle-mounted ECU 30 are
connected to the CAN communication line Lcan. The other
vehicle-mounted ECU 30 1s an electronic control unit or the
like, which controls the temperature 1n the passenger coms-
partment by operating a vehicle-mounted air conditioner or
executes anti-theft control of the vehicle 1.

The external power source device 60 1s capable of com-
municating with a server 62. The server 62 obtains infor-
mation about the electric power charges, which are varied
depending on the time and the season. The server 62 is
capable of communicating with the communication device
4’7 and a portable device 70 carried by the user. For example,
to employ the portable device 70, which 1s a generally used
multifunction telephone device, 1 communication for
charging the high-voltage battery 16, an application program
for communication for charging may be installed i1n the
portable device 70 1n advance.

A procedure for charging the high-voltage battery 16 from
the external power source device 60 will hereafter be
described with reference to FIG. 2. The flowchart of FIG. 2
represents a charging procedure executed by the charging
control ECU 32. The charging procedure 1s repeated by
predetermined cycles when the condition that the charging
control ECU 32 1s 1n the sleep mode 1s satisfied.

With reference to FIG. 2, the charging control ECU 32
first determines whether the charging gun 1s connected to the
terminals T1, T2 or 1t 1s the time to start charging (5810). The
charging control ECU 32 monitors, 1n the sleep mode,
whether the charging lines L1, L2 are connected to the
terminals T1, T2 to determine whether the charging gun 1s
connected to the terminals 11, T2. If the charging control
ECU 32 1s held 1n a standby state 1n the sleep mode until 1t
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1s the time to starting charging, the charging control ECU 32
determines whether 1t 1s the time to start charging depending
on whether a standby procedure 1s completed.

When the charging gun 1s connected to the terminals T1,
12 or 1t 1s the time to start charging (S10: YES), the charging
control ECU 32 1s switched to the wake-up mode (512).
Then, the charging control ECU 32 operates the power
source relay 34 to close and activates the power control
computer 22, which 1s used in the charging procedure of the
high-voltage battery 16, through the CAN communication
line Lcan (S14). In this manner, the power control computer
22 1s switched to the wake-up mode. Normally, the user
connects the charging gun to the vehicle 1 after parking and
alighting from the vehicle 1. At this stage, the power control
computer 22 1s in the sleep mode. The power control
computer 22 1s periodically switched to the wake-up mode
to turn on the power source switches 184, and thus monitor
the state of the high-voltage battery 16. However, such
procedures are not executed using connection of the charg-
ing gun as a trigger. Therefore, the charging control ECU 32
switches the power control computer 22 to the wake-up
mode using the CAN communication. After the power
control computer 22 1s switched to the wake-up mode, the
power control computer 22 starts to prepare for the charging
procedure of the high-voltage battery 16. This operates the
SMRs 14 to close, thus electrically connecting the charger
30 and the high-voltage battery 16 to each other. The power
source switches 18a are also operated to close to activate the
monitor unit 185. The monitor unit 185 thus starts to monitor
the states of the battery cells of the high-voltage battery 16.
As the power consumption amount of the charging control
ECU 32, the power control computer 22, and the charging
communication ECU 40 increases, the power storage
amount of the auxiliary-device battery 26 decreases. There-
fore, the power control computer 22 may drive the DC-DC
converter 24 to charge the auxiliary-device battery 26 with
the potential stored, by the high-voltage battery 16.

Subsequently, the charging control ECU 32 determines
whether a charging schedule has been generated (S16).
Specifically, 1t 1s determined whether the positive determi-
nation in the procedure of Step S10 has been caused by
connection of the charging gun to the terminals T1, T2 or the
fact that 1t was the time to start charging according to the
charging schedule. If the charging schedule 1s not vyet
generated (S16: NO), the charging control ECU 32 com-
mands the charging communication ECU 40 to perform the
in-band commumication with the external power source
device 60. The charging control ECU 32 thus obtains the
relationship between the time zones and the electric power
charges and the relationship between the time zones and the
upper limit of the chargeable power amount as electric
power information from the external power source device 60
(S18). When the charging gun i1s connected to the terminals
11, T2, normally, not only the charging lines L1, L2 are
connected to the terminals T1, T2 but also the communica-
tion lines L3, .4 are connected to the terminals T3, T4.
Then, the external power source device 60 outputs the CPLT
signal to the communication line L3. This causes the charg-
ing commumnication ECU 40 to superimpose the high-fre-
quency signal on the CPLT signal to execute the in-band
communication. In this manner, the charging control ECU
32 obtains the electric power information, which 1s obtained
by the external power source device 60 through the server
62, by means of the charging communication ECU 40.

Next, based on the atorementioned electric power infor-
mation, the charging control ECU 32 generates the charging
schedule (520). At this stage, 1f the electric power charges
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are less expensive for a later time than for the current time
point, the charging starting time 1s set to the later time with
priority over the current time point. However, 1f a requested
charging completion time, which 1s mput through the 1nput
section 33, 1s early, the requested charging completion time
has priority. That 1s, 1n a case 1n which charging is performed
with maximum charging electric power but cannot, be
completed on the requested charging completion time, the
charging control ECU 32 generates a charging schedule such
that charging 1s started early regardless of the electric power
charges.

Based on the charging schedule, the charging control
ECU 32 determines whether the time difference between the
charging starting time and the current time point 1s small
(S22). A small time difference indicates that the power
consumption amount of the vehicle 1 does not decrease
beyond a predetermined amount when the power control
computer 22, the charging control ECU 32, and the charging
communication ECU 40, which have been switched to the
sleep mode, are switched to the wake-up mode immediately
betore the charging starting time.

When the time difference between the charging starting
time and the current time point 1s small (S22: YES), the
charging control ECU 32 determines whether it 1s the time
to start charging (S24). If 1t 1s not the time to start charging,
(S24: NO), the charging control ECU 32 1s held 1n a standby
state until 1t 1s the time to start charging. When 1t 1s the time
to start charging (S24: YES), the charging control ECU 32
executes the charging procedure (S26). In this manner, the
charging control ECU 32 operates the charger 30 to control
the electric power supplied from the external power source
device 60 to the high-voltage battery 16. The charging
control ECU 32 executes the charging procedure until charg-
ing 1s completed (S28: NO). When charging 1s completed
(S28: YES), the charging control ECU 32 operates the power
source relay 34 to open and 1s switched to the sleep mode
(S30). Completion of charging indicates that the charging
rate (SOC) of the high-voltage battery 16 1s “100%” or equal
to a user-commanded charging rate. Before the charging
control ECU 32 1s switched to the sleep mode, the charging
control ECU 32 commands the power control computer 22
to switch to the sleep mode through the CAN communica-
tion. This causes the power control computer 22 to operate
the SMRs 14 and the power source switches 18a to open and
then switch to the sleep mode.

If the time difference between the charging starting time
and the current time point 1s not small (522: NO), the
charging control ECU 32 turns on a charging standby flag,
which 1s a flag indicating that charging 1s held 1n a standby
state (S32), and carries out Step S30. Then, if a positive
determination 1s made in Step S16 in a subsequent cycle
after the procedure of FIG. 2 1s suspended, the charging
control ECU 32 turns ofl the charging standby flag (534) and
executes the charging procedure (S26). When the procedure
of Step S30 1s completed or a negative determination 1s
made i Step S10, the charging control ECU 32 suspends the
series of procedure.

As has been described, 1n the first embodiment, 11 the cost
caused by the charging procedure can be decreased by
delaying the timing for executing the charging procedure
even alter the charging gun 1s connected to the terminals 11,
12, execution of the charging procedure 1s delayed. How-
ever, the relationship between the time zones and the electric
power charges are variable. Therefore, 1n a case of demand
response that varies the electric power charges in correspon-
dence with electric power demand, the electric power
charges corresponding to the time zones may be updated 1n
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correspondence with variation of the electric power demand.
Similarly, the relationship between the time zones and the
upper limit of the charging electric power 1s variable. As a
result, even after the charging schedule 1s generated, the
clectric power information mput 1n the charging schedule
may be updated before the charging starting time 11 the time
difference between the current time and the charging starting
time 1s great. In this case, by changing the charging schedule
based on the updated electric power information, the cost
caused by the charging procedure may be decreased or
charging may be completed before a user-commanded
charging completion time.

In the first embodiment, 1n this regard, monitoring 1s
performed as to whether the information mnput in the charg-
ing schedule has been updated through communication with
the external power source device 60, which 1s performed by
predetermined cycles, 1n the standby period until the charg-
ing starting time. Particularly, 1n the first embodiment, the
charging communication ECU 40 solely monitors whether
the information mput in the charging schedule has been
updated. The reason for such sole monitoring 1s that the
clectric power consumption amount of the wvehicle 1
increases 1 the charging control ECU 32 1s switched to the
wake-up mode as 1n the procedure of FIG. 2. The procedure
of sole monitoring by the charging communication ECU 40
1s carried out as follows. That 1s, 1f the charging control ECU
32 operates the power source relay 34 to open 1n Step S30
of FIG. 2 but the charging standby flag i1s on, the charging
communication ECU 40 1s switched to the sleep mode
without shutting down the power source of the charging
communication ECU 40. This procedure 1s carried out, when
the charging standby flag 1s on, by mforming the charging
communication ECU 40 of the fact that the charging standby
flag 1s on at the time of the procedure of Step S30 by means
of the charging control ECU 32 through the CAN commu-
nication.

FIG. 3 represents a procedure of the microcomputer 46 of
the charging communication ECU 40. The procedure 1s
repeated by predetermined cycles when the charging
standby flag 1s on and the charging communication ECU 40
1s 1n the sleep mode.

Retferring to FIG. 3, the microcomputer 46 first deter-
mines whether a certain time has elapsed since switch to the
sleep mode (S40). The certain time 1s set 1n correspondence
with the time 1nterval by which the electric power informa-
tion 1s updated. If the certain time has elapsed (S42: YES),
the microcomputer 46 1s switched to the wake-up mode
(542). Subsequently, the microcomputer 46 selectively acti-
vates the in-band commumnication circuit 44 (S44). In other
words, the microcomputer 46 selectively switches the in-
band communication circuit 44 to the wake-up mode. At this
stage, the microcomputer 46 maintains the CAN transceiver
48 1n the sleep mode.

Then, the microcomputer 46 operates the in-band com-
munication circuit 44 to execute in-band communication
with the external power source device 60 and obtains the
clectric power information from the server 62 (546). Based
on the obtained electric power information, the microcom-
puter 46 determines whether the information mput 1n the
charging schedule has been changed (S48). When the elec-
tric power information 1s unchanged (S48: NO), the micro-
computer 46 switches the charging communication ECU 40
to the sleep mode (S56). At this stage, the microcomputer 46
switches the 1n-band communication circuit 44 to the sleep
mode and then switches to the sleep mode.

If the electric power information has been changed (548:
YES), the microcomputer 46 activates the CAN transceiver
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48 (S50). In other words, the microcomputer 46 1s switched
to the wake-up mode to activate the CAN transceiver 48.
Then, the microcomputer 46 selectively activates the charg-
ing control ECU 32 through the CAN transceiver 48 (S52).
In other words, the microcomputer 46 selectively switches
the charging control ECU 32 to the wake-up mode. The
microcomputer 46 has a plurality of types of command
signals for switch to the wake-up mode. One of the types of
command signals 1s a command signal for switching the
charging control ECU 32 exclusively to the wake-up mode.

The microcomputer 46 transmits the changed electric
power mformation to the charging control ECU 32 (854).
The charging control ECU 32 updates the charging schedule
based on the changed electric power information.

After transmitting the changed electric power informa-
tion, the microcomputer 46 switches the charging commu-
nication ECU 40 as a whole to the sleep mode (556). That
1s, the microcomputer 46 switches the in-band communica-

tion circuit 44 and the CAN transceiver 48 to the sleep mode
and then switches to the sleep mode. The microcomputer 46
suspends the series of procedure when the procedure of Step
S56 1s completed or a negative determination 1s made 1n Step
S40.

FIG. 4 represents a comparative example for comparison
with the first embodiment. The procedure for monitoring,
change of the electric power information represented 1n FIG.
4 1s carried out by activating the charging control ECU 32.
The procedure 1s repeated by predetermined cycles when the
charging standby flag 1s maintained on by the charging
control ECU 32 and the charging control ECU 32 1s 1n the
sleep mode.

With reference to FIG. 4, the charging control ECU 32
determines whether a certain time has elapsed since switch
to the sleep mode (S60). It the certain time has elapsed (S60:
YES), the charging control ECU 32 1s switched to the
wake-up mode (S62). Subsequently, the charging control
ECU 32 operates the power source relay 34 to close (S64).
This switches the in-band communication circuit 44, the
microcomputer 46, and the CAN transceiver 48 of the
charging communication ECU 40 to the wake-up mode.

Next, the charging control ECU 32 commands the charg-
ing communication ECU 40 through CAN communication
to perform in-band communication. The charging control
ECU 32 then obtains information including the electric
power charges through the in-band communication (566). In
certain settings, the power control computer 22 1s switched
to the wake-up mode through the CAN communication such
that the same state as the state caused by Step S14 of FIG.
2 1s brought about.

Then, the charging control ECU 32 determines whether
the electric power imnformation has been changed (568). IT
the electric power mformation has been changed (S68:
YES), the charging control ECU 32 updates the charging
schedule (S70). When the chargmg schedule 1s updated or 1f
the electric power information 1s unchanged (S68: NO), the
charging control ECU 32 operates the power source relay 34
to open and 1s switched to the sleep mode (574). In some
cases, the power control computer 22 may also be set to
switch to the wake-up mode when the charging control ECU
32 1s switched to the wake-up mode and executes the CAN
communication. In these cases, the charging control ECU 32
commands the power control computer 22 to switch to the
sleep mode.

When the procedure of Step S74 1s completed or a
negative determination 1s made i Step S60, the charging
control ECU 32 suspends the series of procedure.

The first embodiment has the advantages described below.

(1) If the charging control ECU 32 and the charging
communication ECU 40 are 1n the sleep mode before the
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charging starting time, the microcomputer 46 and the 1n-
band communication circuit 44 of the charging communi-
cation ECU 40 are switched to the wake-up mode to perform
in-band communication (S46). This decreases the power
consumption amount of the vehicle 1 compared to a case 1n
which the charging control ECU 32 i1s switched to the
wake-up mode.

(2) To check 1f the electric power information has been
changed, the charging communication ECU 40 (the micro-

computer 46) 1s selectively switched to the wake-up mode.
This prevents the power control computer 22 from executing
the procedure for preparation for charging. Therefore, con-
sumption of the potential stored by the high-voltage battery
16 by the monitor unit 185 1s avoided. Also, consumption of
the potential stored by the high-voltage battery 16 caused by
operating the SMRs 14 to close to charge the smoothing
capacitor 13 1s avoided. In some cases, before the power
control computer 22 1s switched to the sleep mode, a
procedure of discharging potential from the smoothing
capacitor 13 by operating the mverter 12 by means of the
MGECU 20 may be executed to ensure safety. In these
cases, by avoiding charging of the smoothing capacitor 13,
the number of times by which the mverter 12 1s driven 1s
decreased.

(3) To execute the procedure of determining whether the
clectric power information has been changed, the in-band
communication circuit 44 1s selectively switched to the
wake-up mode and the CAN transceiver 48 1s maintained in
the sleep mode (S44). This decreases the power consump-
tion amount of the vehicle 1 compared to a case 1n which the
CAN transceiver 48 1s switched to the wake-up mode.

(4) I the electric power information has been changed,
the charging communication ECU 40 informs the charging
control ECU 32 of the changed electric power information
such that the charging schedule 1s updated (S54). The
charging schedule 1s thus changed to an appropriate sched-
ule.

(5) To inform the charging control
the electric power information has been changed through
CAN communication, the charging commumication ECU 40
selectively switches the charging control ECU 32, out of the
devices connected to the CAN communication line Lcan, to
the wake-up mode. This maximally decreases the power
consumption amount of the vehicle 1.

ECU 32 of the fact that

Second Embodiment

A second embodiment will hereafter be described with
reference to FIG. 5, mainly on differences between the first
embodiment and the second embodiment.

In the second embodiment, when the charging commu-
nication ECU 40 switches the charging control ECU 32 to
the wake-up mode through CAN communication, the other
clectronic devices connected to the CAN communication
line Lcan are also switched to the wake-up mode. That 1s,
when the charging communication ECU 40 commands the
charging control ECU 32 to switch to the wake-up mode
through the CAN communication, the power control com-
puter 22 and the other vehicle-mounted ECU 50 are also
switched to the wake-up mode.

FIG. 5 represents a procedure of the microcomputer 46 of
the charging communication ECU 40 according to the
second embodiment. The procedure i1s repeated by prede-
termined cycles when the charging standby flag 1s on and the
charging communication ECU 40 1s 1n the sleep mode.
Identical reference numerals are given to steps of FIG. 5 that
are 1dentical with corresponding steps of FIG. 3.
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Referring to FIG. S, after the CAN transceiver 48 1s
switched to the wake-up mode (550), the microcomputer 46
switches the charging control ECU 32, the power control
computer 22, and the other vehicle-mounted. ECU 350 to the
wake-up mode through the CAN communication. The
microcomputer 46 then transmits the changed electric power
information to the charging control ECU 32 through the
CAN communication (S354). The microcomputer 46 also
obtains vehicle information from the other vehicle-mounted
ECU 50 (S54). The vehicle mnformation includes informa-
tion regarding the temperature in the passenger compart-
ment, the charging rate of the high-voltage battery 16, and
security information. The microcomputer 46 obtains the
temperature information from an electronic control unit, that
operates a vehicle-mounted air conditioner. The microcom-
puter 46 also obtains the charging rate of the high-voltage
battery 16 from the power control computer 22 as a value
calculated by the power control computer 22 based on the
monitoring result signal DS, which 1s output by the monitor
unit 185. Further, the microcomputer 46 obtains the security
information from an anti-theft electronic control unit. The
security information mncludes information regarding, 1f any,
a suspicious approach to the vehicle 1.

The charging communication ECU 40 transmits the
obtained information to the portable device 70 through the
communication device 47 (S82). In this manner, the user 1s
provided with the obtained information.

As has been described, 1n the second embodiment, when
the charging control ECU 32 i1s switched to the wake-up
mode to change the charging schedule, the other vehicle-
mounted ECU 50 and the like are also switched to the
wake-up mode. The user 1s thus provided with information
regarding the current state of the vehicle.

The correspondence relationship between the components
of the means for solving the problem and the components of
the 1llustrated embodiments will hereafter be described.

External Power Source Device . . . 60, Vehicle-Mounted
Power Storage Device . . . 16, 26, Communication Control
Section . . . 40, Supplying/Receiving Control Section . . . 32,
“Great Power State of Supplying/Receiving Control Sec-
tion” . . . “Wake-up Mode”, “Decreased State of Supplying/
Receiving Control Section™ . . . “Sleep Mode”, “Interactive
Communication Performed When Supplyving/Receiving
Control Section Is 1n Decreased State” . . . S44, S46, “Great
Power State of Communication Control Section™ . . . “Wake-
Up Mode”, “Decreased State of Communication Control
Section” . . . “Sleep Mode”, “Condition for Starting Inter-
active Communication” . . . “Condition For Positive Deter-
mination 1 S40, Schedule Generating Section . . . 520,
“Condition that. Standby Time Is Not Less Than Predeter-
mined Time Satisfied” . . . Negative Determination in

S22, Vehicle External Communication Circuit . . . 44,
Vehicle Internal Communication. Circuit . . . 48, Operating,
Section . . . 46, “Selective Switch of Vehicle External
Communication Circuit to Great Power State” . . . S44,

Schedule Generating Section . . . S20, “Change of Schedule
by Means of Schedule Generating Section” . . . S54, Pro-
cedure of S20 Fased on Procedure of S12, Predetermined
Control Section . . . 50, “Momitoring Whether Command for

Switch to Great Power State 1s Output” . . . Charging Control
ECU Switchable to Wake-Up Mode 1n S52, “Command for

Switch” . . . 852, Predetermined Control Section . . . 50,
“Switch to Great Power State Allowing Transmission of
Information to Communication Control Section” . . . S80
Enabled by S52a, Informing Section . . . S82

The illustrated embodiments may be modified to the
forms described below.
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[Decreased State of Supplying/Receiving Control Section
(Charging Control ECU 32)]

The decreased state of the charging control ECU 32 at the
time of communication with the charging communication
ECU 40 may be a state in which the power source 1s shut
down, other than the sleep mode. Specifically, the charging
communication ECU 40 may operate an opening/closing
device such as a relay, which 1s arranged between the
charging control ECU 32 and the auxihiary-device battery
26. This allows the power source of the charging control.
ECU 32 to be shut down when the charging communication
ECU 40 operates the opening/closing device to open after
the charging gun 1s connected to the terminals T1, T2 and the
charging schedule 1s generated.

| Great Power State of Supplying/Receiving Control Sec-
tion (Charging Control ECU 32)]

This state 1s not restricted to a single state 1 which
charging control, including operation of the charger 30, and
generation of the charging schedule are both allowed. The
state may include two states, for example, which are a state
in which the generation of the charging schedule 1s allowed
but the charging control 1s prohibited and a state 1n which the
charging control 1s permitted. In these cases, the great power
state 1s a condition necessary but not suflicient for allowing
the charging control.

|[Decreased State of Vehicle External Communication
Circuit (In-Band Communication Circuit 44)]

This state 1s not restricted to the sleep mode but may be
a state 1n which the power source 1s shut down. In this case,
the microcomputer 46 may operate an opening/closing
device such as a relay, which 1s arranged between the
in-band communication circuit 44 and the auxiliary-device
battery 26.

[ Decreased State of Vehicle Internal Communication Cir-
cuit (CAN Transceiver 48)]

This state 1s not restricted to the sleep mode but may be
a state 1n which the power source 1s shut down. In this case,
the microcomputer 46 may operate an opening/closing
device such as a relay, which 1s arranged between the CAN
transceiver 48 and the auxiliary-device battery 26.

[Decreased State of Predetermined Control Section
(Other Vehicle-Mounted ECU 50)]

This state 1s not restricted to the sleep mode but may be
a state 1n which the power source 1s shut down. In this case,
the power control computer 22 may operate an opening/
closing device such as a relay, which 1s arranged in the
clectric path between the other vehicle-mounted ECU 50
and the auxiliary-device battery 26.

[Path of Electric Power Supply to Communication Con-
trol Section]

The path through which the auxiliary-device battery 26
and the charging communication ECU 40 are connected to
cach other directly without the power source relay 34 may
be omitted. In this case, a normally-closed type relay 1s
employed as the power source relay 34 such that the closed
state of the power source relay 34 1s maintained even when
the charging control ECU 32 i1s in the sleep mode. This
allows the charging communication ECU 40 to switch to the
sleep mode 1n a state 1n which, the charging control ECU 32
1s 1n the sleep mode. Therefore, when the charging control
ECU 32 1s 1n the sleep mode, the charging communication
ECU 40 can switch to the wake-up mode autonomously.

The path through which the auxiliary-device battery 26
and the charging communication ECU 40 are connected to
cach other through the power source relay 34 may be
omitted. In this case, as long as momnitoring can be per-
formed, with the charging commumication ECU 40 main-
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tained 1n the sleep mode, as to whether a command for
switch to the wake-up mode has been provided from the
charging control ECU 32 through CAN communication, the
switch to the wake-up mode can be achieved 1n response to
the command.

[Schedule Generating Section]

This section 1s not restricted to a section configured by the
charging control ECU 32. The schedule generating section
may be configured by, for example, hardware different from
the charging communication ECU 40 and the charging
control ECU 32. Alternatively, the schedule generating
section may be configured by the microcomputer 46 of the
charging communication ECU 40. If the schedule generating
section 1s configured by the charging communication ECU
40, 1t 1s preferable to maintain the charging control ECU 32
in the sleep mode during the period in which the schedule 1s
generated.

In this case, the schedule does not necessarily have to be
generated, through connection of the charging gun. For
example, when the condition that the charging gun 1s con-
nected to the terminals T1, T2 1s satisfied, the charging
communication ECU 40 may be switched to the wake-up
mode by predetermined cycles and obtain the electric power
information. The charging schedule may be generated at the
time of the first switch of the charging commumication ECU
40 to the wake-up mode. In this case, 11 1t 1s determined that
in-band communication 1s allowed, the charging communi-
cation ECU 40 may determine that the charging gun is
connected.

[Connection Path Between Charger 30 and High-Voltage
Battery 16]

This path 1s not restricted to a path having conductivity
with the motor-generator 10 (the mverter 12). For example,
the charger 30 may be connected to a position closer to the
high-voltage battery 16 than the SMRs 14 and an opening/
closing device such as a relay for selectively opening and
closing the electrical path between the high-voltage battery
16 and the charger 30 may be provided. In this case, when
the high-voltage battery 16 1s charged using the charger 30,
clectrical connection between the mverter 12 and the high-
voltage battery 16 may be blocked. The smoothing capacitor
13 1s thus not charged when the high-voltage battery 16 1s
charged using the charger 30.

[Vehicle Internal Communication]

The vehicle internal communication 1s not restricted to
CAN communication. The vehicle internal communication
1s not restricted to wire communication either but may be
wireless communication. In this case, the CAN transceiver
48 may be modified to a wireless device.

[Vehicle External Communication]

The vehicle external communication 1s not restricted to
in-band communication as long as the electric power infor-
mation 1s obtained through the communication.
| External Charging Device]

This device 1s not restricted to a device using the charging,
lines L1, L2 but may be a device that performs non-contact
power supply. In this case, when the charging communica-
tion ECU 40 obtains the electric power information through
communication with the exterior, the power consumption
amount 1s decreased by maintaining the charging control
ECU 32 1n the sleep mode.

[Supplying/Receiving of Electric Power]

Supplying/receiving of electric power 1s not restricted to
charging of the high-voltage battery 16 but may be power
supply (reverse power flow) from the high-voltage battery
16 to the external power source device. In this case, the
period 1n which the reverse power tlow 1s allowed to be
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performed and the information regarding the electric power
charges (the electric power information) caused by the
reverse power tlow are variable. It 1s thus eflective to switch
the microcomputer 46 to the wake-up mode periodically to
monitor change of the electric power information.

[Power Converting Circuit for Supplying/Receiving of
Electric Power]

The power converting circuit operated by the supplying/
receiving control section 1s not restricted to the charger 30,
which 1s used exclusively for this purpose, but may be
configured using a section of the circuit of the mverter 12.
Also, 1 the reverse power flow 1s performed, a power
converting circuit such as a DC-DC converter for outputting
clectric power from the high-voltage battery 16 to the
external power source device 60 may be emploved.

|User-Side Device for Informing User]

This device 1s not restricted to the portable device 70. The
device may be any other device as long as the device has a
function of mnforming the user of information through visual
or audio information. For example, a home-use energy
management device may be employed.

[Other Components]

A hybnid vehicle including a vehicle-mounted power
storage device and an internal combustion engine may be
employed as the vehicle. Further, although the vehicle of the
illustrated embodiments has a single rotary device, which 1s
mechanically connected to the drive wheels, a series-parallel
hybrid wvehicle including two rotary devices may be
employed.

The power sources of the charging control ECU 32 and
the like may be fuel cells or the like used exclusively for
these purposes, other than the auxiliary-device battery 26. In
this case, the power sources of the charging control ECU 32
and the like are not charged through charging from the
external power source device 60.

The mvention claimed 1s:

1. A power management device for vehicles employed in
a vehicle including a vehicle-mounted power storage device
that selectively supplies and receives electric power with
respect to an external power source device, the power
management device comprising:

a communication control section that performs interactive
communication to selectively supply and receive the
clectric power with respect to the external power source
device;

a supplying/recerving control section that controls sup-
plying/receiving of the electric power, and

a schedule generating section for generating a schedule
for selectively supplying and receiving the electric
power based on iformation obtained by the commu-
nication control section through the interactive com-
munication,

the supplying/receiving control section 1s switchable
between a great power state and a decreased state 1n
which a power consumption amount 1s smaller than 1n
the great power state,

11 a condition that the supplying/receiving control section
1s 1n the great power state 1s satisfied, control of the
supplying/receiving of the electric power 1s allowed,

the supplying/receiving control section 1s switched to the
decreased state 11 a condition that the standby time until
the supplying/receiving of the electric power 1s started
according to the schedule generated by the schedule
generating section 1s not less than a predetermined time
1s satisfied,

if the supplying/receiving control section 1s 1in the
decreased state before the vehicle-mounted power stor-
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age device and the external power source device selec-
tively supply and receive the electric power with
respect to each other, the commumnication control sec-
tion performs the interactive communication,

when the supplying/receiving control section 1s in the
decreased state, in the standby period until the supply-
ing/receiving of the electric power 1s started, if it 1s
determined that the electric power information includ-
ing the time zones and the electric power charges or the
upper limit of the charging electric power has been
changed based on the information obtained through
communication with the external power source device,
the communication control section changes the sched-
ule by means of the schedule generating section.

2. The power management device according to claim 1,

wherein

the communication control section 1s switchable between
a great power state and a decreased state in which a
power consumption amount 1s smaller than 1n the great
power state;

the interactive communication 1s allowed by switching the
communication control section to the great power state;
and

when the communication control section 1s in the
decreased state and the supplying/receiving control
section 1s 1n the decreased state, the communication
control section 1s switched to the great power state to
perform the interactive communication if a condition
for starting the interactive communication 1s satisfied.

3. The power management device according to claim 2,

the communication control section 1s switched to the
decreased state 1f a condition that a standby time until
the supplying/receiving of the electric power 1s started
according to the schedule generated by the schedule
generating section 1s not less than a predetermined time
1s satisfied.

4. The power management device according to claim 2,

wherein

the communication control section 1s capable of commu-
nicating with the supplying/receiving control section;
the communication control section includes a vehicle
external communication circuit for performing the
interactive communication, a vehicle internal commu-
nication circuit for communicating with the supplying/
receiving control section, and an operating section for

operating the vehicle external communication circuit
and the vehicle internal communication circuit;

the wvehicle external communication circuit and the
vehicle internal communication circuit are both swit-
chable between a great power state and a decreased
state 1n which a power consumption amount 1s smaller
than in the great power state;

the decreased state of the communication control section
1s a state 1n which the vehicle external communication
circuit and the vehicle internal communication circuit
are both 1n the decreased state;

the great power state of the communication control sec-
tion 1s a state in which at least the vehicle external
communication circuit 1s 1n the great power state; and

i the vehicle external communication circuit and the
vehicle internal communication circuit are both 1n the
decreased state and the condition for starting the inter-
active communication 1s satisfied, the operating section
selectively switches the vehicle external communica-
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tion circuit to the great power state to perform the
interactive communication.
5. The power management device according to claim 1,

wherein

the supplying/recerving control section and the schedule
generating section have a common hardware such that
the supplying/receiving control section configures the
schedule generating section;

generation of the schedule by the schedule generating
section 1s allowed by switching the supplying/receiving,
control section to the great power state; and

i1 the mformation obtained through the communication
with the external power source device indicates that the
clectric power mformation at the side of the external
power source device has been changed, the communi-
cation control section commands the supplying/recerv-
ing control section to switch to the great power state.

6. The power management device according to claim 5,

wherein

the communication control section 1s capable of commu-
nicating with both the supplying/receiving control sec-
tion and a predetermined control section that 1s a
control section other than the supplying/receiving con-
trol section and mounted 1n the vehicle;

the predetermined control section 1s switchable between a
great power state and a decreased state 1n which a
power consumption amount 1s smaller than 1n the great
power state:;

the supplying/receirving control section monitors in the
decreased state whether a command for switch to the
great power state 1s output from the communication
control section; and

i1 the mformation obtained through the communication
with the external power source device indicates that the
clectric power mformation at the side of the external
power source device has been changed, the communi-
cation control section selectively commands, through
the communication, the supplying/receiving control
section to switch to the great power state.

7. The power management device according to claim 5,

wherein

the communication control section 1s capable of commu-
nicating with both the supplying/receiving control sec-
tion and a predetermined control section that 1s a
control section other than the supplying/receiving con-
trol section and mounted 1n the vehicle;

the predetermined control section 1s switchable between a
great power state and a decreased state 1n which a
power consumption amount 1s smaller than 1n the great
power state, the predetermined control section being
allowed to transmit information to the communication
control section by being switched to the great power
state; and

if the mformation obtained through the communication
with the external power source device indicates that the
clectric power information at the side of the external
power source device has been changed, the communi-
cation control section commands, through the commu-
nication, the supplying/receiving control section and
the predetermined control section to switch to the great
power state, obtains the information possessed by the
predetermined control section through activation of the
predetermined control section, and informs a user of
the obtained information through an mforming section.
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